Accounting for a high burden of morbidity and mortality in Liaoning Province, such kinds of cancers can give rise to catastrophic health expenditure and impose a substantial financial burden.
Studies on CHE and its influencing factors have been carried out globally, using microdata to evaluate financial burdens of residents. A retrospective observational study in 133 countries illustrated that CHE whose threshold supposed to be 10% rose from 9.7% to 11.7% in just 5 years' time from 2005 to 2010. 5 Another study on CHE conducted in 59
countries found that as the proportion of household health expenditure to total health expenditure increased by 1%, the incidence of CHE would correspondingly increase by 2.2%. 6 Additionally, limited studies assessed the CHE of population with a specific disease, such as cancer. A study conducted in South Korea by Choi et al 7 showed that 39.8% of the 211 cancer patients suffered from CHE. While in South Asia, 48% of the 9513 patients with cancer experienced CHE. 8 It also
showed that the incidence of CHE varied among different countries. In China, with relatively high proportion of out-ofpocket (OOP) and the complexity and severity of cancer, the expenditure on its diagnosis and treatment in general can be higher than that on other diseases, which leads to countless incidents of CHE. However, hardly any study assessed the CHE and its influencing factors of cancer in China. Based on present knowledge, annual medical expenditure of cancer patients in China was about 80 billion CNY, constituting about 20% of total cost of health, which was much higher than the cost of other chronic diseases, and was regarded as an essential factor contributing to the rising of total health expenditure. 9 In this case, we collected expenditure information of cancer patients in Liaoning and used "System of Health Account 2011" (SHA 2011) to count total current curative expenditure.SHA 2011 is a new health care accounts system, which keeps the former triaxial relationship and develops three analytical interfaces in order to fix the existing shortcomings and make it more convenient for analysis and comparison across countries. SHA 2011 was introduced into China in 2014 and few about its application in China has been reported. In SHA 2011, the current health expenditure is used instead of the original health care expenditure. Current health expenditure, different from health care expenditure, refers to the expenditure of direct treatment that does not include the expenditure of fixed assets. The costs directly calculated by current health expenditure are referred to as current curative expenditure. 10, 11 Notably, this study put special emphasis on CHE resulted by gastric cancer, liver cancer, lung cancer, esophageal cancer, breast cancer, and colon cancer, which were the major cancers bringing huge disease burdens on Chinese urban population. 12 Because of lacking studies on such research, a study on CHE could efficiently decrease cancer expenditure, avoid withdrawing treatments, and better protect the right to health and life, as well as achieve Universal Health Coverage proposed by WHO. Generally speaking, CHE is measured in two methods. One is OOP health care expenditure as a percentage of total household consumption expenditure. When the ratio exceeds a certain value, it is considered to incur CHE. A threshold of 10% is generally accepted in academic circles. 13 The other is OOP health care expenditure as a percentage of household nonfood expenditure. It is defined as 'catastrophic' if the ratio exceeds 40%, which is the accepted threshold. 14 The essential difference between these two approaches is that the latter excludes the rigid impact of household food expenditure and avoid the deviation of the catastrophic health expenditure measurement process in low-income households. Therefore, in this study, OOP health care expenditure as 40% of household nonfood expenditure was studied, 15 and 30% and 50% threshold were set for comparison. The incidence of CHE reflects the density and depth of CHE among households. 
| Study sample
In this study, multistage stratified cluster random sampling was used. The first stage was to choose sample cities from Liaoning province based on full consideration into the perfection of health information management system and level of economic development. The second stage was to select one county and one district in each city. Then three township hospitals were extracted from every country and three community health service organizations were extracted from every district. Questionnaire surveys were carried out among the patients, which collected information of demographic characteristics, household income and expenditure, medical expenses and compensation. Fifteen hundred questionnaires were distributed in sample cities. Ultimately, 1344 were completed and standards compliant, with 89.60% effective rate.
| Calculating CCE for six types of cancer accounted based on SHA 2011
Gastric cancer, liver cancer, lung cancer, esophageal cancer, breast cancer, and colon cancer are each coded as C16.9, C22.9, C34.9, C15.9, C50.9, and C18. Treatment service expenditure data from subjects need to be broken down into different disease categories and different age groups. Firstly, basic expenditure subsidies were broken down into outpatient service category and inpatient service category in terms of the workload proportion of each. For outpatient service category, we allocated the subsidies to different diseases according to numbers of outpatients of each disease and then the subsidies of each disease were broken down into different age groups. The same conduct was carried out for inpatient category except that this category was arranged according to the length of stay to allocate subsidies to different diseases. Secondly, project expenditure subsidies were allocated to the target diseases and the target population according to the treatment requirement of the project. Thirdly, service incomes were broken down into groups according to age and the costs of treating different disease of outpatients and inpatients.
| Calculating CHE of cancer

| Incidence and intensity of household CHE
Since food is a necessity good, we used nonfood expenditure as the denominator of measurement for CHE so as to exclude bias which may occur when measuring CHE in poor households and to assess OOP as a percentage of household income net of subsistence needs (calculated as total household income minus the cost for subsistence needs, eg food). In the equation below, E i indicates whether CHE has occurred. The formula is shown as follows:
T i is the annual household OOP for health, x i is the annual household consumption expenditure, f(x) is the household expenditure on food, and z is the set threshold. The incidence of CHE referred to households suffering from CHE to as a percentage of total households. We could calculate the incidence of CHE in households with cancer patients according to E i , and in order to estimate the intensity of it, mean catastrophic payment gap and mean positive gap were introduced. The equations below:
H is the incidence of CHE, O is the average distance, and MPO is the mean relative distance. The former reflects the intensity of CHE in the overall households with cancer patients, and the latter indicates the intensity of CHE in the households suffering from CHE.
| Influencing factors of CHE among households
In the study, we chose 40% as the threshold of CHE, based on logistic regression analysis employed to analyze factors
that affect CHE including age, sex, and level of education ( Table 1) . The formula is shown below:
y is the dependent variable, α is the constant, X i is the independent variable, and β i is the regression coefficient of X i . The dependent variable indicates whether or not CHE occurred (1 for CHE, 0 for no CHE). All statistical analyses were performed with SPSS software, version 22.0, and STATA software, version 12.0.
| RESULTS
| Calculating CCE for six types of cancer
Based on "SHA 2011", the results showed the CCE for cancers (gastric cancer, liver cancer, lung cancer, esophageal cancer, breast cancer, and colon cancer) were 2801.38 million CNY, and the CCE for lung cancer was the highest, up to 928.8 million CNY (1 USD≈8.27 CNY, 2014), followed by gastric cancer (567.18 million CNY), breast cancer (555.784 million CNY), liver cancer (320.8584 million CNY), colon cancer (216.5018 CNY), and esophageal cancer (212.26 million CNY).
As for CCE by age, a significant part of the expenditure occurred in groups aged 50-70 y, accounting for nearly 70% of six types of cancer. However, in terms of CCE, it varied in different cancers. The highest CCE of cancer in this study were mainly in the 50-60 y, while breast cancer showed a different tendency with expenditure occurring mainly in younger groups aged 45-64 ( Figure 1 ).
| CHE among cancer patients
| The incidence of CHE among cancer patients
The incidence was 46.27%, 42.78%, and 32.14%, respectively, when the threshold of CHE was 30%, 40%, and 50%. The lower the threshold was, the higher the incidence would be. Among the households, those with esophageal cancer patients were most likely to experience CHE of which the incidences were 60.29%, 57.89%, and 46.89% measuring with different thresholds. The incidence of CHE among households with breast cancer patients was the lowest, following lung cancer, gastric cancer, liver cancer, and colon cancer, which were sorted by incidence in descending order.
| The intensity of CHE
Average distance and relative disparity of CHE decreased when threshold varied from 30% to 50%. At a given threshold, the intensities of CHE in descending order were esophageal cancer, lung cancer, gastric cancer, liver cancer, colon cancer, and breast cancer. As recommended by Xu et al, 6 we adopted 40% as the threshold. The incidence of CHE among sample households with the six types of cancer was 42.78% and the average distance was 10.41%. It indicated that among the sample households, when the ration of OOP to household income net of food spending exceeded 40% of threshold, the mean average intensity was 10.41%. 
| Influencing factors of CHE among households
The results showed that these factors were length of stay, type of health insurance, household size, etc. As we can see from the results, increased length of stay, no insurance, low level of education, more people in family, high OOP%, household with at least one old person over 65 years of age and lowincome level, were more likely to lead to CHE among households with cancer patients. On the other hand, age, sex, etc.
were not significant influencing factors in CHE. (Tables 1  and 3 ).
| DISCUSSION
| The CCE of cancer
The study found that the total CCE of six types of cancer reached 2801.38 million CNY, accounting for 3.63% of the total expenditure on health, 0.098% of gross regional domestic product, and 0.55% of public financial budget expenditure. 17 Not only in Liaoning Province, the total expenditure on cancer treatment was also very high in the whole country in 2008, with up to more than 100 billion CNY (1 USD≈6.94 CNY, 2008). 18 In other countries, the expenditure on cancer treatment was also high-the financial burden of cancer in South Korea in 2005 was 14.1 million dollars. 19 While our study found that health expenditures on lung cancer, gastric cancer, and breast cancer were the top three among the six types of cancer, accounting for 73.24% of the total costs.
F I G U R E 1
The CCE of cancer distribution in different age group
Study conducted in more developed regions in China indicates that the per capita medical cost among lung cancer patients was up to 19 922.24 CNY in 2014, accounting for most of urban residents' income and far exceeding the disposable income of rural residents. 20 The CCE of cancers were also different in various age groups. This study showed that the disease burden of cancer was mainly on people aged from 50 to 70. Vesna Zadnik et al found that the main financial burden-which increased with age-was on the elderly population and for both male and female, cancer was predominant in people aged from 50 to 74, 21 presenting results similar to ours. However, for cancer control in the future, cancer prevention and control measures cannot be carried out only among the elderly population.
| CHE among households with cancer patients
The overall incidence of CHE for Chinese households is 4.81% (threshold of 40%) and 12.61% (threshold of 10%). 22 The incidence of CHE among households with cancer patients in Liaoning Province was 42.78%. In the study conducted in the rural area in Shandong Province, the incidence was about 31.43%, lower than the incidence we estimated in our study. The research led by Sujin also indicated that people living in less developed regions were more likely to suffer CHE compared with those in developed regions. 23 Therefore, expanding health and welfare policy is necessary, which will enable poor people receive more financial supports, so that low-income households with cancer patients can get protections against CHE. Studies showed that after implementing better health policy, low-income cancer patients would have a higher utilization rate for health care services. 24 As for other countries, family members with liver cancer could possibly led to CHE in South Korea. The incidence of CHE among households with cancer patients in South Korea was 39.8%, lower than that of CHE in China. 7 Besides CHE among cancer patients, a study in Vietnam showed that the number of households with CHE and impoverishment increased during the period of 2002-2010. 25 In Nepal, about 14% households were faced with CHE. 
| Influencing factors of CHE among households with cancer patients
In this study, factors significantly affecting CHE among households with cancer patients were length of stay, type of health insurance, household size, etc. As we can see from the results, increased length of stay, no insurance, low level of education, more people in family, high OOP%, household with at least one person over 65 years of age and lowincome level, these factors had major impact on CHE. When CHE was defined as OOP medical costs exceeding 30% of annual household income by some researchers, it was found that education background, income level, type of health institutions, and health insurance were influencing factors of CHE in the study on influencing factors of CHE among households with cancer in 10 countries in southeast Asia, of which the results are similar to ours. 8 Also, the study found that cancer stage was one of the factors-the further the stage extended, the more likely CHE would occur. The study conducted in Vietnam on influencing factors of CHE among urban residents found that having a member who aged 65 and above in the family could have significant influence on CHE. Besides those studies mentioned above, another study found that the families with female as head of household and job changes were more prone to CHE and family size T A B L E 2 The incidence and intensity of CHE among households with each type of cancer patients
Threshold
30%
40% 50% was also a influencing factor. 7 But in our study, family size was not one of the influencing factors of CHE among households with cancer patients. This might be explained by the unique family structure in China. The productive forces in a family were husband and wife, and the old and the young had no sources of income. Generally, a family in China was made up of the old, a married couple, and a child. Therefore, family size was not included in the influencing factors.
| Suggestions to policy-makers
Up to now, the coverage of health insurance is high in China, but the depth is limited and needs improving. Also, health insurance and welfare package does not put its focus on medically and financially fragile population with cancer. 27 As a result, future optimization and adjustment should be implemented, putting more emphasis on the old and fragile population. Specifically, the proportion of health care compensation for cancer patients should be further improved to reduce risks of CHE among households and reduce the tendency that the poor are more susceptible to CHE. Based on the differences between rural and urban areas, the authorities should further improve the reimbursement ratio of hospitalization costs in health institutions of all levels, and continue to improve the mechanism of outpatient care compensation of cancer and increase the actual compensation ratio. With the increase of income level and the awareness of residents' health care, the standard of consumption demand for medical treatment has been improved. Many patients choose large hospitals. This situation is also related to limited capacity of medical care in primary hospitals. Therefore, it is suggested that a community-based service system should be established to meet the needs of residents for health services and regular physical examinations should be organized, especially for elderly people.
Strict control in cost such as shortening hospitalization time and reducing clinic visits, can reduce economic loss of patients. Measures such as improving quality of medical care, strengthening doctor's occupational morals and technique skills, and improving diagnostic accuracy, are preferable in the control progress.
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T A B L E 3
Results of logistic regression of influencing factors of CHE among households
